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10200300 1^100 #3 *U>: 2004/3/24 

[0.etA-]J 

[-&-*]=] 

-r(B)l- 0 t]^^-sL o-j-ji ( A/h2 )-g-^(° : l7|^, : " /2 ) i-lHH ^ mod A/ (o^l*), 

°1 ^ *H*H| ^l-i-fr ^-r^l ulBl-g- £43 -£-3- 4=1 HiM^ 4=1 HH€ «lH<i-^ ^ 

o-fji, #7] y]e<goi ^ 20)^^0- 7]s.(Booth record ing)«rfe- 7 ASr ^°.S. 



£. 1 



f5f)-:5 
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[^*1H] 

-p r ^o] xj-^j ai o o v^ { APPARATUS AND METHOD FOR PERFORMING A 

MONTGOMERY TYPE MODULAR MULTIPLICATION} 

S. 1-& £ *fll ^*HH1 ^ ^-xloi ^.g. iio^-^ T=#. 

S. 3-8: HI -7l)^x^x o v^ 7>^7](CSA)1S1 iLtf ^-g- J±<^fe S.^ . 



£ 5^r £ Hi CSA22-1 J^cf ^^^o] iL°i^ 51^. 

51 6-£ 51 HI 51^ ?l7KV7)(FA)^ Ji4 ^^l^^l ^-g- Ji°1^ 

£7^^ I^S] 7-112 ^Alofl^ 4^. s.^-s]. §^ x> xjo] ^ o. Ji<*j-^ cn^ 

£ 8-8- £ 7^1 Sl^s} 71^- icf ^•xflxioi ^.j. 

51 9^r 51 7<>fl 51 a] £ CSA12] icf ^-x-Jl^oi iL^fe 51 <3. 

£ 10^ £ 7<>I1 51^ -s- 3.310] j^cj- ^^ll^o] ?q -§- iL<*|^ 51 

51 11-8: 51 7o)l CSA22) ^cf ^x||*]?J ^-g- JiL<^^r trni. 

51 12^ £ 7^1 S£a|^ FA^l Jicf ^-*|]5jol ^o^-^- c£ 



fi:"-4 



10200300 uy 00 



^xf: 2004/3/24 



^-8: ^515]- 7]^ol) ^ # Jl2F/-*- JL 3r ^! A] t£ -ofl A)--^]- 

£4 a o v 7-1e))1- ^o>k - 7 |-£L( smart card) ^ ?i^f ^l , ttr^r SlaM^ z>-£ oj^i 

7] (mobile device), 3-ff3(smal 1-sized computer) -f-g- 4-§-*r^ -f-^l^olH 

3iL(3l*H &<M 3Me])# ^-3L^/43l^*r^^ *d^ ^-H-°fl c l *1 E i *3*r<*l 

Sl^MI #^Hf 4^2] # ^014. C^7]A^ ClxjE^ A^o]£> ig-g- ^liO) Xjx].*]0] JH^ofl 

^-Hfl ^A^l ^ 7 ]^-g- ^l^f- ^ 51 S.^- 5^ 71 - 

^M^. ^1 , ^e°ll ^1 El 91 Si Af-g- o1^ 7 > ^#§M1 ^7>§fjL £tr ^E^-g; # 

tr 7fl<y 3gJi ^-S] xj^oj ^l«l«fl^6|| 4s> oj-^^x] *j)v3-g- ^.*r 14 ^J±^ *d 

RSA( R i vest -Shamir -Ad leman), ElGamal, Schnorr ^ Bi ^oj-s) ^jie|#o] Af-g-^g ^ oinf. 



102003001(5100 #3 s4: 2004/3/24 

#7] ^Jiel-t-sl ^4 RSA ^JI^^l y)^^- IS0( International Standard 

Organization)/IEC( International Electrotechnical Commission) 979(H *fl #1 JT-1 o. ct] _ u)-5*-o|| 
-Hfe ElGamal^l DSA(Digital Signature Standard)?} x|] n" 5) £ o_x$ , e-| a| oj-o|| a} e| 

3L^(G0SSTANDART: -§- A o v GOSTef^ 4© u o v ^°l ^^51^^-^. tt<% A i 

^ KC-DSA7} *fl«!slSicK o]<q. £e] , aj^ ^.a] A|^efl#ofl a^ ? >-g- PKCSC Public Key 
Cryptography Standard) 3L^°] ^sjll *J*3°l c k xj-^tr ^ji 5-1 ^ *IH ^ £t 

<i7> RSA f- ^7fl-7] o^i^ a$a$ r] ^f^r^j sg^Mtl S.#5 r -g^ 

^aj.^. -^^^1-71 ^Jism-i-ol ^1^51^4. #<H , R. L. Rivest et al, "A 

method for obtaining digital signatures and public-key cryptosystems," Communications 
of the ACM, Vol. 21, pp. 120-126, 1978, P. L. Montgomery, "Modular Multiplication 
without Trial Division," Math. Of Comp., Vol. 44, No. 170, pp. 519-521, 1985, S. R. 
Dusse and B. S. Kaliski Jr., "A cryptographic library for the Motorola DSP56000, " Proc. 
Eurocrypto'90, pp. 230-244, 199. Spr inger-Ver lag, A. Bosselaers, R. Govaerts and J. 
Vandewalle, "Comparison of three modular reduction functions," Advances in Cryptology - 
CRYPTO' 93, pp. 175-186, 19932]- fe-grl-oj flcj.. a q v 7 | ^e]ff # 

(Montgomery) <g31l)^ SL^Z} ^°IM$r #7l-?-£ li*r« A*]?- Sl^}, ^<&& <& 

s. ^Jiu]^o\] sl^b} va$%. o_- e> §-^Joim :i-g-^°H sa<H>H 7 >^- fii-i:^ 

°lef^ 4^°] fc-S- D. R. Stinson, Cryptography. CRC Press, 1995°!] ^34. nlthf^ 



()f)-(i 



10?0(W001<jUOO ^ 2004/.V24 

*\ US Patent No. fi. 185. 59(5-fr A cM Montgomery ^atEl^fl 4 afl #*14 0 e1 J£ 

<w> 3ir^ U}-^ £o| ^- 7 fl -7] <y-^2)-/4S2|- $ ?14 ^^-ir 4tt ^S-l # ^ °\ r A EJ ! 

*)4 *fl<>J:4$4. zieiu} cilJf-g-al *]l<££ 44 n *1*<H1 4-S- 5-1-4 ^ ^n^- 



<19> afE>A-) M. ^o] S-^j-g, in}E ^ o] ^ i^lM S^o]]^ Jl 

4-a\ ^3Lfb ^ #4^-& 4tt 2.1-4 #*14 aj£ ^l^m t» *rfe 

•HI SI4. 

si o>s5l-/4^5}- ^ ^tt 2.^4 ^ #*14 *1 X J^ 7^)£4 4fe 51 

4. 

<y-ssl-/4s^l- ^ ^M^-i- 2-1:4 ^ #*14 jl^sls. ^44-2-1=- HI $a4. 

<22> oje^V =-*}£..§. ^g]-7l £ ^-g- nWlH4 ^(A)4 4^r(B)» 



(>r>-7 



10200300 1^) LOO -M 2004/.V24 

°J5]0..^ s|.j7 <"" 2)||£|(a|7)Aj , W_W /2 ) L})o) |^ ,1 •/?.«' mod V (0: ] 7 | A j /? 4'"-)0. z)|A]. e j. 7 ] 

wlH^sl ^ 2H1H1-1- 7l4(Booth recording) *rfe ^K 1 St^K 

<2:i> £. tg>^o] 7 ,i ! ^Ajojloil nj-sg, a.^E> #*1<>1 7]^ # 7 ] --o] U ) 

Hl-ol £* r *|o_.5L ^HHSH ulH^^l 2t))H#-§; -fi 7]^-(Booth record ing)«r 

3$Ch 41 -7|)E1X13H§ 7]-tV7l(CSA)^ («'4) 7)1 o] ^K^Hr-fr ^^JI, <»'2.) U }Eoj *, U 

(" K^Hjeo^ ^2 aISl^I-, A o V 7l 7]^ S.a|o.S^Sl C"'4)ulB^ #71 o) *1 

*fl3 «a^Sr^l, A o V7 l Xfll -AlSSl ^fl <"'2)tH*i) H]Hfe A oM ^7fAj- 7 ]S.- Aj-oj 37} |o] 

S^KM^S °J^S]JL, #7] ^112 <0jL<il #<fl C^.lV)^^ H ]E2= AJ-7] ^7]- A]- 71^-^ ^o] 2 7}| 
°1 ^7fAj- 7 ]l-S. «a3*luL. #7] (/'+3) 7 l)o 1 ^7^7)1-0]] o ) gfl («+4) H ]_EO] 7fl ^ 

^71 afli CSAS.^-Ei3j («'4.)ulH^l 7fl el ^ SJc#^ 

A J E -^ Srfl 27fl2] #7RV7lt-5L-*ji-Ei #^£l^ ^ ^ 171121 &7}&7]3,^ % % S\ 

711 El Sa-* 0 tJ^sl-ji, i-i-El- «afl^l- 1^5f7l 3 Hi B 21 1^ #^?r<=K ^d^ 

71 A <M 1^ sH) ccfev Die] £fs ^2] ^*h# sVul-oj - # Aiq^H #3 

a]12 TflsH^ 7>AV7l(CSA)fe C'"-4) 7 flol £7K>7l-i-i- ^al^fH, A o V 7l <d^7l.?_^-E^2l 
AjEjl^) («i4)alESl 5.^-3. -r# *l|l ^JiS*l «a^«TJl, A o V 7] afll CSA-?--^-El2l #7] («/ i-4) 
tilHo) . 7 |)^ gj^-.- 2.|aV^| . 7fle .| ^o. uHx|Sl <»'3)H|E3j -71)^ gj-s-o- 7 |12 Al^.?_ 

H •a^Sl-ol, A o V 7l f»"'-4>HlESl t 2-1 Sj-fl 7fl El ^^T *fl *1 # L H ^1 ^ f» + ^HlES| 



10200300 VB100 2004/.V24 
iin^-A-s^l] £*h *8 315=1 A oM *H2 tlSlS] ""-*>HlFi-&-& A o V7 l "-d^l-tl-^-irv 2 

^ 2 B}^)j #7K>7l!-_?_J=LEi 0 J^S]J1, A o V 7l ('" 4)711^] £ l" 0 !! «fl C"-4>«]ESl 

•7l|el ^ &f-§- l^^t}. ^KI^Itt AV7I *fl2 CSA^l 2-1^^ ^^.sL «-E| #^5)^ 

•71] El #4 5^ 2*1 *fl ^Rt^l- 5 ?-^ f^Sm t ^R-^H -7fl E-l ^ ^ SJt^-S #7] -£ 

5.3] o.S ^1^-tbcK 7fl ^^4^ 7]-AV7l(CPA)^ *fl2 CSA^.-^ 2] -7fl e-l ^l" 2 !- ^ SM-8: 

7>a>*H 

<24> 4 BV 3]^7l 5., AJ-7] -g^fl ^^1^ AJ-71 ^--o) HlJH^o. -^O.^ ^HH>-1^ A o^l 4=1 

H.ES] tilectf-g- Aj^gf^ 4=1 ?-S Ell^l^EiSf, #7] Xi^-5>7l $V Efl E| -& S. 

<2!»> u> Ej- 2] S1-71S., A o V 7l 71-S- j^-g- $7] UlBl^l 71-S-sf^- 

7lS.3lS.J2l-, #7] ^ 7]^-^ A o V 7 ] Sj^^l- 4^5}-*^ Cff^Sf, #7l ^ £| ti ] 

B9J21 Sfrfl 2wlH#°ll 4e> A cM 4f-^-7lSl #^-gr a]eH^ o. S io] i^^^jl #7] ("+ 4 > 

<2<>> 01- BV 21^713., #7] * #7] 7flEl ^ &4 a cM *J 1 CSA^l 3 ^KMS^- 

3 t^lir ^ &■§■ ^RHf^r ^7^714, ^-71 Tfll CSASl 2|*1-^ ^71-^715.^-E^ #^1^ 

7flel SJhuf 2tH^| ?i7pJ;7lS^-Ei #^S1^ SJt# WflEl-^ feBl^fe" H ll EV*1 ^I-EltI-714, 
7] ?J71-A|-714 #7] HflEf-dj feEl ^-7] 2] #^#4 n] g] *1 3 € <g Sj ti] E -ft S^sH aV 7 ] ;}Ui|E 

21 33 i^5l_?_l- it^-tl-cf. SL#, ^j-7) a A o v 7l -711 el °vJ^^:-i: x i 



f>r>-«) 



200300,1(5100 ^el <£ x}: 2004/3/24 

U)#i|lf-i.^- D] S.%MJ1, $7} jT,S]<ll #7] &7}*}7] $ #7j H|]Ej-*] V. e ]*J- 

^iJ.Lfe- iL^-g- *IM ^-o) -x||^sU, tfv) # r iL xio| # 7 ] *]7|.a].7|5L^ tf 7 ] 2] ^ 

fS. H|E7|. *H^S]jI, ^-7] £ A oM ?i7Ki7]2] #^-8: A <M aj|2 CSA^j *] sj-^ 

<27> ^ Hj-^o) ^2 AjAlajHl icfsn^, S.^-e}- -g-xfl o^A]- x}-*]o| 7 ] j-xl-g- Aj- 7 | --o] H j 

St°l ^r^-?- aJa^ HiEcgoj'^o] 2 ulH#i- ^-i ^(Booth record in«)sl- 

51 ^7} 7)Wj- =} iJlJ-Sf AJ- 7 | C ]-^2>5l-Ocl (« ' 3) H )eoj o] x] -S-g- #1^4. 

*lU -iSl^^-^ ^-tl-^KCSA)^ C«+3) 7 ||^ ^7)-A]- 7 lS.^. ^p-Hlsfjl, («'-Du)Eo] m Aj^sq. 
C» » 2)HjEO] ^2 AJJ^ Aj- 7 ] 7 ]^. 0._ ? _h. E -]o| (// H43)H]EO] a o V 7 ) olx] -^S-g- xfl3 <J 

JLJL ^Sj-JI, #7] 1 Aijro] #3 u 1b ^ a o v 7] 3 7 }*± 7 ] % ^ tfsft 

^Hi?]-?- ^^JI, #7] 7|12 <JJrSl #3 C» + 2>^J,| al_B£^ a q V 7 ] # 7 ]-A}. 7 ] - aJ-o} 2 «i ^fl ^1 ; 

S^K^S. JL, %7] QA^A^^ ^RlM-SL "0"Z]\^ <#-7] 7])1 A]-§T Rl AJ- 

7l a|| 2 ^S7|- ^^SlJl, a o V 7 ] X] 7 j-A]- 7 1^- Aj-o^ 2 tH*!|2l ^7}^7}S. "0"Z]}*£°] s&7] 7l]l A] 
S.7} <ims)51, #7} C"<-3) 7] ]o] ^7}^7}^6\) o]*|] O K^U] E o| 7 )| ^ gj^jj}. ^ -gj 
W. £ S^-gr #7l CSAS.-^E^ Aj- 7 ] (,, .-3)HlH^| 7fl C-l gM-Sf # *JeJ)£ t y<% 

27^9) ^7)-Al- 7 ] 1 - S a E ^ ^§|sji=, ^ g^S-Jlf ^o] I7fl2] ^7f>+7lS^-El 7fl E) &-g- 

^^U, S.#e> #ao] hH-^ I7^f7) 2«lBa] #-g- #^trcf. 4d«Mfe #7) 
1^ SJtofl 14 D l »M 3*11*! ^2] sfufiil -^-1- ^Ejj^o^ #^^-cf. 

<-'«> *I12 ^HGLl^l^-aj 7Hi7|(CSA)-fe- 



10200:500,1(1 100 



"5' 



>3 114: 2004/3/24 



L <dJL.?,A-| <i]?£jQ-)-J/. #7] afll CSAS.-V-E-I21 ("■-*)H|E3l 7(3.1 *| A oH| -7l]i] gJt-g- 

^Pl^.uH^lsl C" + 2)n]E fi ] 7 fle] gj^-g. *ll2 <JJL5L*i «a^ofji. #7] (>"3)h]h^| ^ # 

^12 (»'2)a|Et^ Aj- 7 ) £ 7 j.Aj- 7 )« ^o] ^7>Al7ll-5.^Ei ^xl- ^^SlJl, 

Jl, ^>7l C"-V) 7fl o| X u )7fA]- 7 | 1 .o 1 l o|«q („+4)HjB£l -7flE| ^l-JZf *J" gJt#£ #3 #4. 

§ ^Mfe av 7 ) ^ 2 CSA o| 3^ ^7}^7]^b] el 5t4 2«1^ 

<29> 4?M*M£.. A). 7l ^ a o v 7] --o] a|E f f 4t^iM?l #7] 4=1. 

iEH*) ylH^-t- ^SRr 3)4^4, A o V 7l 7-l^ef7l ^ ^l^Ei* Dl £ 

W4. 

<30> Hfal-xl^^S, ^-71 7]^. #7] U1H1S1 Sf-fl 2H1H1-^1 4^ ^4 3] ^ 

4f^*M #3*Hr 4#sj-7j°14. 

<3i> Hf^aj^ls., #71 £ Aj- 7 ] 7fle | ^^^4 Aj. 7 ] ^ CSA o] #7}*h7]3.1f- 

#^lfe ^ ^J-Aj-Sj-fe *}7}^7}9)., Aj. 7 ] X , U CSA o, 3^ ^7>Al-7lS.-¥-El # S] fe 

?IM « 2*]«1| Yd7pd-vij?,«-Ei t^lfe hM3 fc-el^-SHr uflEH feel 3-7] 4, # 



(in- 1 1 



102p0:*001fil00 °^4: 2004/3/24 

flj8.s)-7i| it^ ^ oicj-ji 3^1^ ^ A <HI?v Id^-i- 

<5(!> A, 7|]J3. 



i4=fl „, •2"* 1 +' • •+a,«2+fl 0 

(Montgomery) ^Jl °l-g-*lH S.-§-e]- ^ "mod* o. -^7] 2}*V *J zi 

«J. «lB 512 ^-gr 10242]- go] ^ € -r 51=+. 

<«> aJ- 7 | ^*fl o^AV ^.xV /I- /imod/V o] ^l^o. *^5l^ 2 7}*] ^H*^ 

A ^aHH zj-zv n alH^ A.B.N -ak ^,o<W)^. ojejo^ ty-o^ i«+2(«^7H i 

w «„/2j ^£Lj ufloll »• rt-lmod" (o^H, /?=4 m+2 )^. ^1^^ S-^S]- ^ ^ #»g-§: 

^oj-^cf. o}^7fl *fl<£€ S-l-el- -g-^j ^H) Sl*V ol-g-^H "' /imodA/ °1 31^ 

1 -1- flOBl.SEfc RSA ^ ff, ' mod ' v °1 1 5l-§-°l 1^ € 3 

_-p.^ o. ,-i_o:]^^ S^lroln, <= 7 iflzl 51 H^S] ^12 *MHH1 4^ SLf-el- 



.9. 



f5f)-i:i 
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#*M Cl#^J#f-i; d S^-Sl-Jl, #71 -5 3.3)5] #7] «V7l-#7l^l #7] ^2 CSA 

si 3ie>^ ^7v#7i_?_ n^-^y. 

<A2> ojofl ccVeV ^§1-/4^^ 9? c l x l E i « S 3^}-^l -§"^% v -r Si 

^ 7l^# ^ Sl^r A^-g- AgA^/^-^cfl ol^ -"r oic>. 

<:«> Hfaf uH^-g; ^sll £0) f-#Sl *l#-£ 7}*± xf^ *#Sl -B- t^Sl ^*|| 

J±d £ olsfl^- ^ oi^s. t y 7] £ H a v^oi 3.3^ 7l^^o] #*l~g: 

<M> £- ^Sl %»^#2l ^Alll- <g#^fe- ^Sl ^7}*91 i^* «J #3#<>1 

3HcK £°HH ##^1 *l±l-§: 71-xl ^ £ H^cgfi] iH^M ^sM 

Cj-^ ^2:#-g- g^*^!-} ^y^fe- 7liS.>H #^51 7fl ^ 5} 7 fl vj gj ^*I13°! *J A H1 7> -g-°l 
[^21 ^ « 21-8- 1 

<;r» o)t\ iA- yj-^d wl-sj-^ti- t^HI^] #*H# A d^°l id^l 3 



(5:1-12 



1020030016100 ► *3 2004/3/24 

i-^A^Tll *H ^. ^Cfjl ^oflfe- -^0)4. 



<«>> A. gj^g] 



>4=fl .-2 +• • •+fl.«2+fl 0 

(Montgomery) «2aL E)#-g; °l-g-*IM S-I^r §^ °J A J: ' 4 ' " mod/V £ -r^*r?1 ^ ^ ^ 

> ol-i-o] ojE H^lfe 512 ^-g: 10242]- £o] -g- t^I" € -f 

<*8> Aj-7] 2.^-e> g-Afl <£A> /I- /imod/V o| ^<g-g- Jf-g-S]^ 27>xl *jAH]-g.ofl 

W =/»/2) s-a] uflofl /!• B- tt-lmod* (o^H, /?=4"'- 2 )^. ?flA><5}-^ H.-f-e> -§-*§ #*] ^ y 0 V ^* 
^oVdlcf. ol^Tfl ^floV^ £fs} ^ #*H1 l^r* °l-§-*H BmadN °1 

€ -r Sl^-H.^ RSA -r s l°ll l-M* SLf-^r ^ « e mtxlA/ 0 ] sj ^ oi-g-ol ^ 

ojcf. 5L^# 51 1 tfl*l 51 R-fr £ fJ-'g 2] *Hl -4|AH°fl oj-^ H.^-Cf ^ x o V *ll- T^^tr -2- 



ri:i-i:i 



102003001(5100 ► M 2004/3/24 

-IjxeaI^ 4=1HH*1 u]S<g-§r ^^ r Jl, ^-71 tiiecgoi s ^i 2HlH-i-€- 

(Booth record ing)*Hr «r#°-3. -f, cflHlajo.3. ^-2fl 4^ S-^eV « ^ # 

^oflA^ 71-S-21 cflAj-ol Sl-^l 201^7]- SlS.^- ^Bl^-0..?_Ml -§-*« ^.xVol i±<4 JI^^-S- 

<40> B . *)1 1 ^aHI 



<4i> B-l. ±$ ■ 

<43> Aj-7] c ^ , #7) §^ # *1 7|^- S 2] ( Record i ng Logic) 110, afll 

7llHlx^^ 71-AV71 (Carrier Save Adder )( °] "CSA"e r 120, 5.2) (Quot ient Logic) 

130, <d c ^7l 140, *l|2 CSA 150, ?AA^\ (FA: Full Adder) 160^-51 ^€4. -g- 
^ #*]^ Montgomery ° a v JLe-]#oi) ccfsf 

(in-i-i 



L0200:«)01(U00 t- #^1 HA- 2004/3/24 

AA n t>lH°J A.B.N ( <*} A H . -' v - -'•«<*) # ^^jo. ^ u>o)-*J "" 2( a] 7) a-) t "' " /2 ) M Ml 
o|| A- B- /r'mod.V (orl-zlA], /? 4"'-)_Q. 7 || g" ^ ^1 c}| <s]- S)-i£L ?.|| 0} -£] «j| ^ *j 

°14. ^, o] 2.^Cf ,l-/?-2- ( ^' ) mod.V^ 7)lA)-e)-7l Att^Y. 

<H> CSA 120.150-& A A <">4) 7 )| ^^l-AV^l-ol tgegj?, ^4*r 4 
A nA*} Q a]Hl- -fr^*]-4. A cM 7]^- 5.2] 110-& ^ A% 7ltiVo.sL ^ 7] s- 

(modified Booth recoding) ^A% ^r^l*H. ( '" 4) u lS a l ^Slfe 4*oKsignecl extension) 
wlS5 0, ± B, ± 2B & ^ sl-ufl- #^^-4. a o v 7 ] jg. i30-°r A <M CSA1 1202] 3\f>Y$) 

(LSB: Least Significant Bit) 4A f7, °, If LSB 2y)H ^'"^'-o 4 Carry-in, B^l Jfs 
wlHl- ^.2.51 *H, S.#ef ^(Modular reduction)^ Hfl-rl- '^^\A ^ & M 3«1^-^1 
^ 9 ' 9 « -I: -fr^fl^f. A oM <d^M 140-& ^7] q ^ofl tcfsf o.±l.±2^ 3. gj-.j- ^ ejj 

«H #&jsl-7] ^tr c V#S]-7l (MUX: Multiplexer)-?- A^^}A. A <M #44lM 

lf)0-g: A cM CSA2 150^1 #^ 2w|B°i S 2 ,i,C2.<) e r ^Att cin-i: 3 71^ ^*J-g- ^ 

Sj-Jl, zt ^7>a_V £4&-g- 7flel-9j(Carry-in) AjsiM av 7 } jb. S3 i 1300. £. 7)1^-^4. 

<45> Ul^- A o V 7 ] 1^1 iAlarl-ja ^a) ?>A^, °H #3 4^ A o V 7l CSA2 150^1 #^°J 7fl5l &4 

^ &-g- zj-zv xp o v§l-7l ^tr °J A 1 31*1^3(0, El|*l^Ei(R)7 r 3^ a o v 7 ] <y 

ai x-i^j- ^h^eh^crhi aaq 71-aj-sh s-t-^ ^ %3\slm %^t}7) nA 

£4^ 7>A> 7 i( Carry Propagation Adder )7f £4^ 4^]ofl °-<^ ^^ 7 ]- 01 o. 
<"'» £ 2fe £ HI £Al£ 7]s ll0 sl ^c). ^p-^-i- 1^-^ £°lolc|-. 

<i'> A J-7] £ 21- tj-^^l-^. A J"7| 7]^- s.2| 110-8- ^-r(A)2| h|H*o] -i-7-l-^o.5L 4=1 5] 

^ ^ A ^€ ulH^Sl srf^l 2H]B-i-^ ^-^ 7]^-(Booth recording) Jl ^7] ^ 7]-lj-£! ^44 



f sn- 1 5 
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2 1-- (B)1 . ci-^sj-sM (/v.4)tiiHal ^-J:^ ^1?' -r#-§- t-^!^ c K ^. A oM 7 1^- 

11021 -dt^llvl- A cM ^-r^l ^x>-i]o.^ ^lilHA)^.] Ai- 7 | -)ixu L ii| HlH^-i- Ma'r 

-cr e}|*l^&) 1022]-, c||x)ib-1 1047]- ^Hl^c)-. #7] 7)^- 

110-gr 71-^-21.?. 1122}-, Cf-f Sf 7] (MUX) 1142]-. 1^1 Ji-I-SM 116.°-?- ^€4. A o V 7l 7l 

^- 2)5. 112^ A o V 7l tilH2J2l 2tJlHl: ( a ' ,|, °' ) t' -f— 7j-s.(Booth recording) & 

4. ^^l 114^ ^-71 71-1=- £ */.t)sq. a o V 7 | 31^-t Cj-f^Sf-JL, C)-^^ 

^SfS-Ai 0, B, 2B # f?jW. A o V 7l 121 J±^Sj-7l 116-8: A cM alecgo] 5|.o| 2 u]i=* 

ofl CC>5> a o V 7 | c>f^s}-7l 11421 #5J^- a}eJ]3_o_?, 131 i-^2}-srfjl #7] ('" 4>h1 E oj ^JlSMzt 
ojxi -s.^. #^^4. *}-£*r ^^l 7l4| 3.x) no-8: ^ /IS 71UV0.5. <£^£ Jfi 7]^ 
(modified Booth recoding)* ^^tr 2l3-°M, <" - 4 > a lB2l JML&£r ^(signed 
extension) #3*Rr<H|, °1 #* o.± ».± 2fl # f *KM4. 

<48> E 30. c 1o \] s.a]s) CSA1 12021 M. 4 ^13^ ^-^-i: £°t°14. 

<49> AJ-7] t= 3^. f-isf^ , A <M CSA1 120* <"'-4) 7 ]}o] ^K+^l" 12 1-1251" ^Ul^JL, 

(«-h2) H ]eo] a] ^ C 5 2,2-' S 2,„ + 3)al- > (»+3)a|ESl ^Jl ( C 2.i- C 2.„ +3 )<^ ( aJ. 7 | 7]S. g. 

2] 110.2. 3.^3 S] C"+4)tj]e^ a o V 7 ] o)X\ ^f^ *]13 A ]Jl fl °~ fl » +3 S ^^H, ^1 C«+4) 
71121 ^7j-Aj. 7 i-£ i21~125°ll 2] gfl ^RHH (n+4)«lBSl 7fl^ CC,.o~ c 1,^3)4 fj- #1- 

C^i.o~ s i^3)^. #aj*VcK olnfl Aj-71 Till AV^j <«+2)}g*| Hie ( 5 2.^3% a o V 7 ] x^j-A). 

7 ] # - Aj-o, ;J7 ( 9 | ^7>A]-7ll- 123-1253. ^SlU. A o V 7l 7-112 ^^21 ("KV)^^ ulB 

^2.,,. 3 ^7p ll V7lf- 271121 #71-^71!- 124-1255- «?J3€<=k 

<50> £ 4^ £ loll 5- A l^l Jg- 1;J0S ) Jicf ^13°J ^ A <§-§- SH^ir i^olcf. 
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#7] £ 4ft 5j-3.sj.cr-l, Aj- 7 ] l;i0 -g- CSA1 V>Q O. $] #7] <»'4) U |EOj 

-711 b] sM-4 *h &-IHv tf@i€.SHl 27|] oj -^7}^y}^s?^] &S|j?lfe ® 2Hr< *..<>- *...>*). 
£1 PA Sl ?i7pJ-7l^«-El -7flEl St^ r «-o>-i- «a^SfoL, SL^r #iSl afl-"rt 

^^3H1SS] l^j ^(^2^^o)^ Aj-7i a 130 cl cl(D)#^§# 1322}-, *j7 r 

t!-7] 1342}, h|]eH ^-El*KX0R)7l 1364. ^th^S. 1383. ^€4. A o v 7l ^l#^i#l- 132 -b 
7fl£-l *a ^ SJt Carry- in-g- °J^5H *1#tr<4. A cM ^7]-a}- 7 ) i;i4fe . av 7 ) uj^^i^s. 

132°fl -tUe) <a^# Carry- in4 #7] CSA1 12021 #7K>7l 1213.-^ E] #^5]^ 

^ 51: ( ' S '■«>)■§: ^7>^VtrCf. A cM HllE}^ fcEl^-7l 136-8: A J-7l CSA1 1202] ^f>}<?\ &7}+V7] 

1213.^-Ei TjEj St CC '.« ) 4 2*1*1] ^7^71 122_?-^-El ^5}^ *f #( S ^)^ tifl E> 

3 feElthW. A cM ^7VAV 7 ] 134 Rl aJ- 7 ] HflE].^ fe-El^-71 136°-5L^ *1 5] H ^ -g- 7fl 

El SKcinW *fl*SM. A cM ^7}<47l L'UJtL^ s]^2] if 5. «1S(B si«n)7> afl^tr. 
#7] 5^S]jiL 138-8: A o V 7l ^71-a>7] 1342] ^0)2]. Aj- 7 j H |) E |.*l ^^7} 1362] 



<52> £ 5^ £ H £4€ CSA2 1502) i±cj- ^xfl^o] ^-g- iL<^f^ £^o]c}.. 

<53> av 7 ] c 5 ^ ^sfig, a o v 7 | C SA2 150£- ("-^)7flol ^7^ 7 ] s. i5i-i56* ^alerfji 

5icf. #7] CSA2 150-8- A <M ^7) UQ^S. ^] 2] («+4)h]es] 

-r (/V: ' V ° " A/ "' 3) l- *l]l ^JLiM #7] CSA1 120^-_?-^-E-|2l («M) H |ESl 7flE] #f- 

^ *l A o v £l 71IE1 *H9]*1 u)-alx|o) (».3)aiesi 7 )] E] ( C 10 C ^gr *l|2 <0i.?>1 °J 



f>n- 1 7 
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1-<' S '... - ^i.„.3>^. m QS.S.q <y^3r1-Ji, #y\ </"4)7}|o| x-] 7} ^7}f £ L51-15(H| 2-1 sfl <"'4> 

Wl H o] 7 U a l gJ-^.( <"z.o- r :,«.3>4 -•*>•:.„, ,>£ ^a^c]-. o| tr|| tfy) *|] 1 ^Jro] 

<" l4 >H|Hf^ #7) ^ 7 ftV7]-i-£] S)3K) ^7]-^7|^ 151 sL-^ 3 £ <g S) «?| JL , #7] *||2 tl 
51 o] (« '3) H jES..g. aJ- 7 | ^7^711-^ ETj-^j 2«d^ #7}*}7]& 152-?-^ £ <g Bj S ] j, _ Aj- 
7] 43 <" ,3 >HlB*^r ^7] ^.7}^7}%o] e|.o] xl7]-A].7]-i- 1525-^ ^ai 

€4. A o V 7l ^K^H^ ?i7>Aj.7| 151011^ ^7] _?_*] 1302] ^7]-A|.7] °1 

-g^C^o)^ a}., ^(N)# 4EfLl]^ 2]5>^] t3]H( A/ «)7]- 

<54> c fi O. £ lo) j £ A]^ #7^7] 1602] j£Cf ^•*H^O] ^ -g; iL<*| ^ £^o]cf. 

<55> AV 7 ] c 6 o. ^- S s>^, AJ-7] ^7>AJ.7] 160-8- A o V 7l CSA2 1502] 3\ ^7^7] 1515.-^ 

&i 7fls] gJr^^sf 2»i^ ^7]-Aj- 7 ] 1525. JfE| ^ ftC^oXg. #7RJ: 

6-H -71] el 9JS] #( Carry-in) £..3. #^*}-c]-. av 7 ] x^HiM 160-8: #7^1- .§.x]-§. n]e] a^ 

?1M sJt(cin)-i- SE# 4^°-^, =l #7}*]; %2±£.*\ 7flEl gKCarry-in)^- 
#e]tr4. °1 n*\ &(Carry-in)-gr #7] SL*] 130.2.S *l| 

<50 B-2. ^_2j £gj ' 



<r>7> 



£ A A n«]H<y A.B.N (°i7]A-j 
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-,VS ,l./*</V).&. "JBlO.^.. yl-o]-^ m I 2( <*] 7) A-j »' »/2) -gf-S;] ol-o)] ,• I •/?•/?"' mod :V (o^7]A-| 

Sf^ ^5-171- £x$& ^ojcf. 1-^, S-^Cf ^ ^-( A)1 - 7]^-5]-^ ^B]7j- ^ 

1 SM^h £ H-^l 7]^- ^s-l-t oj-g-*}- Montgomery <£Jiel -g^l tfl$; ^1^7f 

3M<=r. 



<r>8> < Number Representation > 

<r,9> £ av^oflA^fe. 5L^Bf o^o. $]*H ^(A)2f 2)^(B)» Y-SL5l^r °1 ?} - A r £ 

^(Signed binary representation)?^. ^, 4^ nHlHSl 4, B -¥-3:&^ signed 
operation)^- *13H 43" <" 1 4) U ]e_ ? _ g^slfec-fl , o]e^ ^f^l -g-^rSl 3-f 

^ IS] Ji^r ^EflS. £^r€4. 

<(iO> < Booth's Recording > 



5i?j ^ 7l^-(Booth Recording) >£^sH 7) ^-(Modi f ied Booth 

Recording) H 0 v ^-§- *l~§-SKr 3* 43°-?- tKh °1 ^ £ 4 7 6^ S-l^r 



():V1«J 



1020030016100 
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5-f7lo| <S ^o. £L gigo)] o)^ $<g£ «^ 7 |js.o| ^-il-O. Jio^-jy olc]. 
<«K> [SI] 











0 


0 


0 


0 


0 


0 


I 


1 


0 


1 


0 


1 


0 


1 


1 


2 


1 


0 


0 


-2 


1 


0 


I 


-1 


1 


1 


0 


-1 


1 


1 


1 


0 



«>:}> < Booth's Recoding-i- °l-§-tr Radix-4 Montgomery Algorithm > 

<(W> t\%9\ <^JLE]#-8r radix-4 Montgomery 3.^} ^*)H a o > 7 ) t^jg « 

^ 43- H 0 V<ti^ oj-g-sj-ji oi^-# Ji^c}-. ^lEfl Montgomery ^JLSj #<H| ^ ^ £4 2*4 
modulus M alHsH 14 &4 modulus AS. 4 tr^i H^) sfl^ *f4, Sr^H*! 

2144^ zl 144 &-§--§• ° s v 4 s $14. 



«r>-2(> 
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<(>:)> 



Input: .'V. - N<A,B<N 

Output: -V = A ■ R ■4-- : mod N . -N <S<N 



I-r^H 11 



.S' = 0 

/■ • /\ r«+i 

/<;/- / = 0 /<> 

2 

.V = .V + /l, x 5 

'/„:.u„ = /(*,.-Vo» w i'''o) 
5 = 5 + <y, x /V 

SmS /v 

enclfor 



(I) 

(2) 
(3) 
(4) 
(5) 

(6) 
(7) 



-2<,i;<2 o] ^--4 (4) ^ 3^ (5) aj ^^o] ^4 gj-o] L SB(Least Significant Bit) 

¥■ «1B7> '0' ol £]S^ th-rl- 2l°lt4. A <M (4)# ^HH^l £4 ^3*]^ 

cf-§-o] <£ 4> oi]*| tio] u|.<4 ^-ol ^^^cf. £.-^5]- ^(modular 

reduction)^] A>-g-s]^ ^.o] MSB(Most Significant Bit)*?] ^-5L t)lB°M, ^ 

(0, ii,2}^t- ^ 5l-L,f0]cf. tf-g-^ <K 3> o% 0^||A4. ^Aj-^cl-. 

<(i7> [-^*|-^ 2] *°' T ° 

<( ' !)> */2^ ¥ 0^l" I 'Vl"l 



10200300 16100 
<™> [12] 
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- v 1 


" 1 


<7 2 


<i 1 *io 


0 


0 


0 


0 


00 


0 


0 


I 


0 


! oo 


0 


1 


0 


0 


10 


0 


1 


1 


0 


10 


1 


0 


0 


1 


01 1 


1 


0 


1 


0 


01 


1 


1 


0 


0 


01 


1 


1 


1 


1 


01 



<?» B-3. ^ 

<72> £■ 1>^^: ^ n«)H<?] A,B.N(<*j7]>H. -v< Aji^N)^ o]^o.. ? . Hloj-Ai «i-2(o} 7 H, /»-»/2) 
#^1 <?H1 -I mod .V (o^H, /? 4'" +2 ).g. 7jlA];^]-7l 31.2.3.. JE l°ll 51^1^1 ti].S>j- £ 

<?3> £ lofl c:a]^ *}-*|o]| ojgfl /l.fi-W'mod.V (d) 7 H, R=4 m+2 )£ 7fl*];*Hr 

€ 5J°lCf . *}-7lol a ) ^7l5). ^TjloU, b)~h) t^f^ ^7 #311- 

°U, i) "LMItt #7} b)~h) ^Tjll-^- (.'"+2) ^gj^g. ^t$i& *o)l ^qjSjfe. tMl^Cf. 

<7'i> a ) £fe} §^ <£^-§: ^ti ^s]^ n ulB°J A.B.N°1 zj-zj-s] ^l^K^r-Sr nfl^)!^ *| 
#€4. x o^-Hl 4=-^. *h ^ # A, 51.2<H| £Ajs] 102, 104°1] *1 # 

Ole-lt!" E^UE-|7f Aj-g-% ^ o|cf^ Al-Ajo)l o.o|g|.o^o): *Vcf. o] ttfl A # *1 ^ 
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e| 102 ir «|| #^44 2H]S 'ElrflsL ol§Al7l-^- 4=1 he c|| x| ^e-] o| cf. ^o]av A _ a _ 

*r#*r 71 c||x]iEl A5L. B-I- -<\^\y\ cl|x)iE).;- ci|x|v lE -i B5 ._ jAigQ 

-r 51 °] 4. °flS.£l 0 J *1 #£13 ^M^tI) €4. S. 1^1 CSA2 

150^1 3)*V 31^ 14* °tH3.£~§- ^=8-^71 31*1 Efl^l^Eil-C-^-gr ca)- S(£^ 

&-§-)?> o«S ^l^cf. 

<7f» b ) zVzj-o] E flxl^Ei# 102,104o1| H.€- EflolEll-ol cj^c^ 7 )3L _ ? _ *1 n0 oj «^ 7]^ 

2)5. 112^ £11*1^ 10231 LSB t Hi HI" 71HVO.S. ^ 7]^# T^*lch a o v 7 | 7 |S. 

5L*1 noa] MUX 114fe e^l^Ei 104«H1 ^ ^ B &-8r ^^sfji, ElMiEi 102^1 LSB ¥ 
K)-eH o.±Bj:2ii # # sm-t CSA1 120S] 37fl 31 <&% # 8|-4fil ^^^.S.^ ^Il^tt 

cf. o]a)| av 7 ] 7 ]s. 110 o] io] ji^srM 116-8: efl^liEi 1023] LSB ^ «1 S°fl 

0,±/i,± 2/? 2 > io] ti- ^ t,^ ^ «H4n]e -j?, uj-EfLflo] CSA1 1203] 37fl3l <g 

<7(i> c) CSAl 120-8: -^5i$J^ 2*l^(binary signed number) 37111- ^^^.S 3 

^ **j-8; A o V 7l CSAl 120-8: "+ 4 7fl3l &7}<&7)& 121-1253. n^^cf. °H 

^^)3l ^RV^HH 7flel^ C]~g- ^7fl3l ^7V<+7lS *)l^SH D Jr, MSB^l ^7f>4- 7 l 

125«*IM IHN^- 7fl£l^ ^M^cf. 

<77> d) * 1308: A <M CSAl 12031 %;% S u- C W' S 'M, ^KM 160.2.3.-?- El 7-11 ^£l 

£r Carry-in <d:£3h B2) ^fJL «]H(B sign)* ^sl-Jl. #7KM 13431- ufl Bf ^ fc-ej 

i3()Oll 3] eil "4"4 
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• S ''" S 'o-a; fr^Cf. Olojj a o V 7 ] ^71-^71 L'M ^ «ll b'H ferBltM 136^.5.^ 

ii?y-g- -7flii]Als^ ciiH ^€4. °1 -7fl ^1 tl SI cin-gr 2^| £l-'r€- A]-g-6-|-^ -'I ^ ^1 Booth 7\ 

<71 %) A oM % 1302-1 138-S- A o V 7l d) tMMM ^" S '°-I- ^^fll, < 

3. 4>«fl 7)4^ ul-fif *13£o]] ojsiH 3 alE ^o] q gj-o. ^^*Vcf. o] s. Aj- 7 ) <K 4>0 \) 

-?-°11 2] si) ^-o]sHl ^ -r ^-t- 5J°14. 

<79> f) CSA2 150-8: A oM c) ^TjHlAi CSA1 1202] . 7 flBlfil- ^ A o^l e) <2:7lHH 

^Sr qSm^l LSB ¥ HlHofl 2]5|1 o, ± /v. 2/Vgjj- - *v ^.g. AjensflA-] «-u u]&o] j=ljt 

5U^r °l^l-r( binary signed number )« 0 J3-°i?- *)H " t4 ^JL&fe- -r«^f. A o v 

71 CSA2 150-B- ^-7] CSA1 1202]- v}-&7}*}3. " ,4 7fl£l ^7>a]-711- 151-156^-.?, ^£tr. *>H 

A o V 7l ^7}-^r7l# 151-156^- ^l^Sl ^RV^O] [^30] 1512] 7fl Z\ <^%^S. e) 

^Tjjofl^ TflA]-^ q ^o] MSB ^ 4^7} o H ia 

<80> g) Sl^KM 160-8: CSA2 1502] ftl-f^ c =-° tilHt-4 Ji*d-g- -^aIso] cin tilSl- 

^^sj-Il =5i7K+*M Carry-in #^tr^. ^ei^r ^H!" 22] 

iL-rt- A l-^*fl^ 7i Booth 7 |s. Hj-Aijif g-B-1 1^ AV-g-^ £ yJr^jjio] ^4 

<«•> h) A <M CSA2 150 si MSB-sL^s! 



(5f)-24 
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C"2) 7|j S l *V (//..V) 7} |oi . 7) ) E ] ^^.o) CSAl 120^] ° t ]^^-?- a|i£LB'l^lcK o] tr)| a}- 

y\ CSA2 150^] 7|-AV7] 156ili?,-^El t-^^l-^ ^ M MSB«?J ^-AfKl-o^ oVo|| 

ulH ^}t}^, 7fl 3 M MSB°J r7 =" 13 # -^r^M *V Hie CSAl 120^1 °J ^ gJt 

3:4. ^, av 7 1 CSA2 150^1 7}#7] 156 O-JL-fEl #^s]^r ^- ^ ' s '=-'-^ CSA1 1202I 2-1^1- 
^sL^B] 37H21 7]-A]-7]l- 123-1255. x-11^5U, 7113 & ^ 2 "" 3 £ CSAl 120^1 ^I^S^Ei 27l] 

7>-tl-7l-i- 124,1255 

<«*> i) (m+2) #3 A cM b)~h) tMl-i-ol -^sl oj^ofli- cf^-jzf zj-g- j^^o] ^sg^cf. 

^, CPACCarry Propagation Adder Ki^M ?^-g-)-b #7] CSA2 150^1 f^°J 7113 ^ ?Jt 

°11 « 7 r ^> ^2V# ^*Jt!:4. £4 ^-r°l^ modulus Air cl*|-o}, <#-^oloi 

modulus M- ti^r*! &fecK 



<h; 5 > ofl^.- s-o^ A< B> /v^l zj-z}- cf^-o] <K 5> ^. ^-o] i2aleo^ tt |) Aj. 7 j ^j.ofl o j ^ Montgomery 
<£<4 2! 4^. <s fi> ^ 7>o\] L-r^r L xE * r s>r z>c]-. 

<84> N=0000. 1 0 1 0.0 1 0 1 . 1 00 1 (0xA59) B=0000.0101 . 1 100.001 1 (0x5C3) 

N"=l 1 1 1.0 101. 1010.01 10 B'=l 1 1 1. 1010.001 1.1 100 

2N=000I.0100.101 1.0010 2B'=1 1 1 1.0100.01 1 1. 1001 
[^t}-±] 3] A -0000. 1001.001 1.1 I 10 (0x93E) 



<*> 10200300 10 100 *• 
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IS 31 



I 


,1 . 


CSA I on I 
C 




Carry 
i n 


s l s 0 


c 


1 


u 


nnnn finno nnnn onfK^ 
0. 0000. 0000. 0000. 000 


o 


o 


00 


() 


0 




L 1 1 1 . \) l\)\J .Will. IUU 1 

0.0000.0000.0000.000 


1 

1 


o 


10 


1 


1 

I 


u 


iiii nn in nn in mm 
0.0001.0000.0010. 100 


n 
w 


[ 


[ I 


{) 


2 


() 


11 11.0011.0000.0000 
0.0001.0000.0010. 100 


0 
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<.st> z\£o\], ul-sf £ t^-l 'D-'^HI ^ °l-8-*H ^-^"^ « ^ 

<W> 1) n]Bl ^2 !( " + "modNo 7||^14. 

<89> 2) £ t^l oi^Hf-'-^-B^-^WHi^ 31^4. 

<90> 3) P ' C ' 2' ( "" 0 mod /V /I • flmod N% T^^&t}-. 

<9i> zl 4-g-ofl, £ «]-<3&l ^1 *b £4 St* RSA <2^V 

«J2> i) xl^ el- oflSLiMH ^^^4. 

<93> 2) efl^l^Ei C^l modulus N-§: ^3-^4. 

<94> 3) oJa] eflxj^Ei CSf SI- 0.2.3. 2:71 3^4. 

<95> 4) Montgomery 5-^> ^ ■ p • *-«nod ^ -3^4. fc, ^ *J p 

o<5> 5 ) in ' l- 211 *1 i 3 b<h1 a 3 ^ . 

<>7> 6) Efl^liEl B<=Hl #■§■ 0 l-8-«fl-H S.-^ £ r *ll-§- t^W- °H Montgomery 2.#2f 

^4. 



(if>- 2 7 



1020030016100 , #3 <H4: 2004/3/24 

<!>»> 7) *l-r el- 3H*= *Vcf. 

«*»«) *l-r e2l MSB(Most Significant Bit) cf-g- u]H-Y-tl 4# 9) - 10) 

<io,)> y) x] - e a] ofl H|H7l- 0 S^r 1 <H1 a o V; && 0 1 #31 4) -5)1-. t^ 1 ^ -SL-g-eV *H-g- ^^V-i: -p 

^*Vc]-. oltcfl sj-g- ^a H 1 ^cl*> ^-r^r Efl^l^El A, 2]^Hr elH^Ei B^l *H V €4. 
<!()!> 10) x]-^ e o| ^^)) HlE 7 > lo] ^oflir #31 9)-§- -r*3tr ^, #31 4) -5)1" -r3)*M -SLi^f 
-g-^ °l tt ll 2]^-r^ 31*1^1 * *} l1]-§-o)ji <2^1 "J m'^cf 

<l()2> a) x]-^ Hl^ofl cflslH oV^]] 8)- 10)# ^r^*}- ^ #31 4)# °l-g-SlH £--^S r ^ 

<io:i> aj-7] ciTfl-i- D- lD-g; -^*§tr -f 31*1^3 C2f S°fl #°f 21 tflSfl CPA(Carry 

Propagation Adder)!- modulus N% c-]sM, <%^o}^ modulus M%: 

<104> b-4. ^-^5] jLS]- 

<l05> aj-Sf £o), ^ A.B.2<" +A) modN^ T^^t}^ 7)^ 7}^Q $3. 

^ o]^-5H A cM < iJ#3# -'•«m« d ' v ^: 31^ -r 214. °l^tr ^ V ^°H 7 1 

£L^H -djo] xj-^o)! Aj-g-^ ^ olcf. ££*V, £ H-<?j^ IC -7]-JELl- iW°_irL si- A-j ^ , o]^, 

° D V4^5r^l *r^lM *J-*H1 A f-§-^ -r 514. £ ^-g: S-^r -f^Rr *l*r 



10200300 16 LOO ► M H*V: 2004/3/24 

7]7l# s}] a] _ NIST-DSS. RSA. ElGamal. Sehnorr #4 *1 r 3 # 7 I*^1 ^ 7 H 7 1 ^ A l 



<K)(i> C. ^2 ^*H1 

<107> c-1. f^^l 

<lo«> c a. hJ^o] ^Alafl<H) ccf-g- -g-^ ^-^1^1 ^^-i; 2±<*|^ S.'jMcf. 

<109> a> 7 | c 7^. ^j-isj-ig , <$7\ E^-B} -g-^ o V *1 ^ 7 1^- 3. *l (Recording Logic) 210, afll 

7Hel^ x J-^ 7V^7] (Carrier Save Adder )(°l*r "CSA"S> ^tr) 220. * 3 *l (Quot ient Logic) 
230, *1^7l 240, 42 CSA 250, feel 5 ^^71 (AND) 260.2.3. A o V7 l S-l"^ §^ =3J-*1 

fe Montgomery «*e> zj-zj- n n]H^! A.B.N M 7 H, 

#*M iflti * r H*IM*|ol ^ojcf. ^, o] a^-E> §^ ^1 • » ' 2- ( " +4) mod /V o. ^ 

<no> a o > 7 ] CSA 220,250-S: ^4 



nf)-2a 



1020030016100 *- #3 2004/3/24 

(n .4) 7 1| x-)7HJ-7l-i-o| ig^S ^4^r 3 . 3«lB 4 4^.?:- 44 ?fl 4 4 ^ 

wl-c)-. #7) 7)4=- 210-2- -w-r A% 7] a]- o_.nL -fi 7) -^-(modi f iecl Booth recoding) 

-r^44, <"' 3 > 4H4 0.B.2B.3B & ^ 44€- ^eh^c*) *}rt>. #7] 
230-gr 44 CSA1 2202] i\ 44 (LSB: Least Significant Bit) 7]| 4 2J; f '-o, ^ LSB 24B 

s s i.o 4 Carry-in, B4 4B# <ysdo_ s ef4 . 4i(Modular reduction)^ 

Hll^l- 2Jroj 2 alB^) ' 7 ° -8: #444. 44 ti^^l 240-8r #7] £4*} q # 

ofl rc). 5 |. o,N,2N,3N ^ ^ 4^44 #444 4 tr 4lr4- 7 l(MUX: Mul t iplexer ).?_ 

^4 7}^5]-cl-. aj-7] 444 260^ 44 CSA2 2504 -t-4 24 F_*I 5 2-" C =.°-^ 4 4 

44 £-el1§ cgAj. ^xv^ -^4jl, n 44 Tj^-a Carry- in 4iLi?-4 44 § 5. a] 2305. 
si ^1^*V4. 

<m> ajs. a o v 7 ] t= yofl^i- SAj^fji 44 ?>x)4r, ofl #44-t> # 7 j CSA2 2504 #44 7fls-l &4 
^■•tt-a- 44 4444 4 4 44 4 4 efl4^4(C), efl4^4(R)4 ^444, Hi4 44 4 
4 Efl4^4#(C,RHl 4 44 71-44-4 s.^-4 -g-4 44^4 #4*>4 4tr 7)14 

44^ 7j-^-4(Carry Propagation Adder) 7}- ^4 44°fl fr4^ *&&-7\ 9X^r 5344. 

<ii2> £ s-gr £ 7*11 -je4€ 4-1=- 4 2104 JH} ^^14^1 ^4-1- £-4^ £^44. 

<iw> 4-7] £ 8-8: 4^44 , 44 4-§r 3-4 210-8: -£^(A)4 4H*4 £44^-5. 4BH4 
4 ^344 4B14 44 24B#-|- ^ 7l^-(Booth recording) 44 4^ ^44 

4^-r(B)l- 4^444 f -^)4H4 4 4 ^r-i-i: #44:4. ^. 44 4-^ 3-4 2104 44 
<ifer 471 ti|_E t f £430.51. 45LS44 47I 4i£H4 4B9J-& 444^ 4BB 

efl4^4 2024, 44 4^-r« *T444 4 4 44^4 2047f ^4 44. 44 7i^- ^4 210 



fir>-:«) 



10200300 KHOO ► 2004/3/24 

-8: 4^3-71 (MUX) 2125. ^^^lcf. #7] cy^s\7] 212fe M¥l a]e<go] ^ 

L^lEt'"'"-"'^ #7] ^l^-r# 4-^44jI. 4-? S|- £4^-4 0.B.2B.3B-& #^44. 
4 4 7 ] 7 1^~ 210-8: //# 7)h]:0._?_ ^<§^ ^-i ^-S-Gnocli f ied Booth recodini?)* 

44 sl5L°M, C"3) a]Eo] o,B,2B,3B Sit # 44* ^«!*H 

<1M> c gfa. c 7 ofl £Al^ CSA1 220^1 M4 "P" *?! T 1 ^^ Ji^T^r £^o]4. 

<nr» a o v 7 ] c 9# 4^4^, CSA1 220-8: C'"4) 7 uo] &7}<&7]% 221-2251- ^Hl^Jl, 

(«(-1)U|EO| A)^ C 5r 2.1-' S t«+l)fi). t («l2)U]EO| X |]2 AlJl C C '2.1~ C 2.n + 2)a|- A> 7 | 7 ] S. jg. 

2] 210^-S^-E^l (»'3)HlEO| AJ-7] ojxl -^--a- xfl3 ^IJL ( W o~««,2)_ ? _ 0}334JL, a o V 7 |. 

C/" 3) 7 flo] ^ 7)- A> 7 )-g- 221-225^] 5.1*11 #7l-44<*| C" 1 3.)^ e o] - 7 flE] ^-f- ( C ><>~ C «" ^4 
4 ^l-^^'.o'-^u.^c- #344. 4 7] *1|1 42. ^ ^12 4 5^ ^7] CSA2 250 <L-?- %-*\ H]^*} 
±r 51, a o v 7 | Ajjri- aV 7 | 7 ^ 210°. JL-^ ^1^51^ ^1so14. ol«)] aJ- 7 | x])! 

Aj^o] ^Aj-o] h|e C^ 2 .„, 3 )- a o V 7 ] ^7^71^.-, aJ-o} 3^*1] ^7\*\7] 223^.5. ^ ^ 5] Jl , 

A2 *143 u)B C *-'" 3 ^ a o v 7 ] ^7^71-1-^ Aj-c^ 2 tH*|| ^ 7 >aj. 7 | 224.?- °J^€4. 

4 7] 3 7^71!-^ ^^<% ^7l-AV7l 225^ *lU 45. ^ *ll2 4:£5-4 "0"ol ^SlJl, 2*]*1] 
^7^71 224*1)^ *fll 45:3*1 "0"°} *fl^£4. ^r, ^71 CSA1 220* ^^Hr *14^1 47} 
47) 2213.^ ^ 4 7^47] 2234*1 C«+DHies] afli 4 J: S 7> -£4 ^B]5L, 

C«+2)o]^ ^7>A]-7l 224 ^ x] 7 ].AV7l 225<H1^ "0"^ *1]1 45:7]- oj^^4. ^4, 

CSA1 220-g- ^4£r *14^1 221sL^Z] 0'^2)w]^ &7}*}7] 2244*1 

t»lHa| *)j2 A]s (r ='"" r "" - ) 7l- £4 11 ^U, Td7>-t}7| 225^1 xr "0"^ *fl2 

7f «y^^4. ^4, A o V7 l CSA1 220-i- ^^4^ 2-14^2-1 &7K+71 221_?--¥-Ei ^ 7 f 
47] 2234^] f«'-3)a]es| 7|]3 ^i (fl »" 7, «^>7l- ^4 ^^^14. 



(;n-:!i 



1020030016100 ► *^ 2004/3/24 

<li<i> £ 10^ 5- 7°\] SLA)^1 5L*> 230^1 J±3- ^*U3°J T"^^ Ji^fe SL^cK 

<iir> Aj- 7 ) ^ kjo. -xj-^s-l-'a, ^-7] -£ jjL*j 280-8: ^-7] CSA1 220i!sL^E J |2.] #7] <"'3>Hle«>| 

-7flel a#4 tr A J Ej m 27^1 *j7Kv 7llrS «3 #3*1^ tr lS '' -<^ S '' 'H 

*r*1 I7fl£l ^7^715.^-El *^£l^ -7flB-l tf< C u>Xg. ol^l-JI, SL^B} ^o] afl-.g. £ ^ 
7] 2«lHfil 1^ & ( " 1<:/o) -fr MOT". A oM S 230-8- c}(D)*UM 232^. ®7\ 

^7] (HA: Half Adder) 23454, ^3-3 fce|^(X0R)7l 236*h S^S. 2385- ^£3-. #3 3 
#*H#-g- 232$r *r3^(AND) ^^>7l 260^.-^3 7fl3 «a S| & Carry-in^: <y<Sj*H 
JL 3 #3:3. A o v 7l «V 7^171 234fe A oM 232°fl 3 *J -7|13 Carry- in*!- A cr 

71 CSA1 2203 *1*HH 221^3 -fr^lfe ^ #( " S ''-°)-§: S^K^Cr. #3 B113-3 

£-3^3 236-8: #3 CSA1 2203 &7}&7] 2213.-^3 #33*r 7fl 3 SKd.o)^ 2»H1 

2223.^-3 #^3^ th U( S >•')-§: «!I33 ^5-1^-^4. A o v 3 i£^3j5L 238-8: #3 
^r<+7l 1343 i^(S 0 )4 #3 wfl^V^ 2363 l<?l )3 33 <y 3 H ] e 

(nl)l- 3^«H 2H1JLSI £3 #( ^ lC/o )^--?- 

<H8> je. 11-8: £ 7°fl H3£ CSA2 2503 Jicf ^13^ ^-§r £^33-. 

<ii9> av 7 ] £ n .g- ^sl-nl , CSA2 250-8- C»+3) 7 fls| ^7>>LV7ll- 251-256-8: ^-3*Ks & 

4. #3 CSA2 250-8: #3 4d*M 2405-S-¥-E^ A J Ej m ( " ' 3jtJ l H 3 S-l-S ^r(' V: /V °~"-3) 
1- afll Al^SAi <y^jl, #3 CSA1 220^3.^3^ C»+3)nlH^ 7fliM 3 A o v 3 "7113 

&-§: *H2l$r 333^1 <»'2>3B3 7H&1 jtf( <: '^ (: '-««)l: *H2 ^3LiiL3 °t3^s>Jl, #3 

(«.3)H|E21 *f StS* 7113 fit* *fl*ltf M"333 ('" 2 )H1H^1 *^ ^#( 5 ''"" S ' 1 "-) 

1- ^18 <diS^ SJ^«r^. A o V 3 ('"3)7Hfil &7}#7]& 251~256^1 3^fl ("'3)HlH^ ?fl 3 



(i. r )-32 
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^2.0- < 4 '^o-^t-h!)^. #3J-<ft4. °H A cf 7 l *1U (" ,3 )«lH#-gr A o V 

7| x-l -4 a]- 7)^01 ?i7l-^7l-g- 25151 ^ £*r 0 J?^U. ^12 tliS] ('"2)tilM# 

C"2)alF--i:-8r #71 ^7l->4; 7 ]l-^ 2«i^ ^7^71-i- 252JjL-¥-Ei ^£4. ^1 £ 

7 (.aV71*^ ^ls>^ 25lo)lrr A o V 7l 230^1 t^KlM 23451-^ E| £l ' S '°)^, 

fc^S-CAND) 260ilsl^Ei<>l -7flE^ ^ =1 & Carry- iiH 

<120> £ 12^ £ 7^1 260^1 icf I^^r 5L£°14. 

<m> aj-7] c 12 § ^-isl-ni, ^7) o^a_V71 260-g- #7) CSA2 250^1 -i]f>}$) ^AA^A 

2515-^-El Wns}^ -TfliM #( C ^)3f sV^H 2«i*fl ^7}aV71 252S^-Ei *f SK^ 2 - 1 )-!- 

^7]->4sH 7H&I <^ SKCarry-in) ili?- -fra]^^. ^7] 7)1 E] 0 J ^ SKCarry-in)-g- 

5-3) 230.5.5. 4. 

<122> C-2. gjE] 



<123> £ yj-t^o. zj-zj. n alEo] ABN (o]7lAi ( /t,/i </V)^. a>oH "* h2 ( <*l ?\ *\ , 

m=«/2) ^5} oVofl A- B-R' mod A'(o^ 7 }^,^^ m+2 ) -g: 7j| -^4 5r|- ^ #*H1 ^ 3 °1 4 . °1 *T 

-g- 1^1 ^^Hl ^s]^ cf-e-^r 7 i£ 37>7.)oj ^s-l#o) gig^ 7jo]r4. 2-1-sl- ^ 

^1 *t Tf-r(A) ^ 2l^(B)# &*i*Hr ^7}. ^1 5Jolcf. ^*( f a. aj-rgoj 7 ]s. 
^i-Ell- ol-g-^V Montgomery ^HE^I tH*}- ^Je^r 5J<>14. 



(jf)-:'.:; 
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<£^: 2004/3/24 



<i2i> < 2b i t scanning > 

<i2f» g. ^v^oflA^ ^^(A)l- A #^°fl LSBM ^ HlHMj ^fl^C scanning) (3-8: ^lH^ 1 

(shifting))^ 4^( B )4 ^SfJI, o]^^ 141" Montgomery ^JLel^l °l-g-^h 

=L?]E.3. n)| -^ofl^ y^s]^ {0, 1, 2, ^lii ^ sKr°H ^-r(B)4 § 

«H CSA1 220^] °l-g-*r4. 

<i2(i> < Raclix-4 Montgomery algorithm > 

<127> cj-g-o] <i£ «>ofl uj-Ef^fl uj-sf ^--gr ^jlc] -j^-g- -g- Ur^l raclix-4 Montgomery S-^-eV a^-i: 
°l-8-^-i: i D: l^4. tI^H Montgomery JL 5-1 -§^1 >H 14 SJt^r modulus M HlJSLSH l 2 f ft 
o'l modulus H<2 tfl <£^>-& *fl°> ^HH j^x]^ o^^^oflA^ zl H 

<128> 



fif)-;;-4 



<I2R> 10200300 KU00 
13. 5] 

Input: N.O<A.B<N ■ 

Output: S = /K B-4 -" : mod N . 0 < 5 < N 



#sj o_] x |. : 2004/3/24 



5 = 0 




(1) 


/r;/- / = 0 to 


~n + l~ 

*) 


(2) 


5=5 + A, x B 


(3) 


'/.Ml..., = /< 4 'i 


.v„. //,,»„) (4) 


5 = 5 + </,. x /V 


(5) 


s - V 

~/2 : 




(6) 


em/for 




(7) 



P-M^cf. (4)»] ^* r ^ (5)«i LSBCLeast Significant Bit) ^ '0'°) 

^^cfl, Montgomery modular §^-§: 3*lM£r A*>1 l-t°lE5. o] afl "o^ % Va o i- io) SS . ^ 
^1 cf-g-oj <3. 10>°1H iL^ Wr^f £°1 ^^€4. -E-!r £ r #4i(modular reduction) 0 !] 

t± & CJi) e U^a- {0. i, 2. 3}^!i# # sj-M-oich ^r-g-^l 9>°fl a l*iM *H^€Cr. 



<i:«» 



[-'r^M 4] 



</(, = s„ 
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<i:si> [S. fi] 





■ v 1 


" 1 


c 1 1 


c l o 


0 


0 


0 


0 


0 


0 


0 


I 


0 


0 


0 


I 


0 


1 


0 


0 


I 


1 


I 


0 


1 


0 


0 


1 


1 


1 


{) 


1 


0 


1 


1 


1 


0 


0 


1 


1 


1 1 


1 


1 % 


1 



<i32> c.-A. g^: 



^*H1 si«n H 31^ -§"*M ^«<=K 



% 5f7l2.1 a) <cMlfe 2^1^ ^Tflolji, b )~h) #31 n fl #^ D V^ 4^*1^ ^^1^ 

0}JL, i) ^Tflfe b ), h ) cfTflS-l- ('"-2) ^o)l ^ISlu #3]°14. 

<i35> a ) Efs} ^ <£A>-g- ^ ^?4 5m n«]HSl A, B. M zJ-zJ-Sj 31*1^*1 *\}5L€[ )-&°ll 
7<\$#Z.\. ££64. »'2h1eo] 2B.3B7F E fl x] ^ ( °fl£ielHl ^^€^K x o V 
xjoi] al-ani, -oj^slfe- *1 A, Bb £ 8«fl 5=*1€ eW^l" 202,204<>ll 

£Ai^ji 01 ji, 2B ^ 3B# altf^r tsal elM^o]] cflsiHfe sa^Vji 9i^l #*1 D J: °1 e i 



1020030016100 ► M H*: 2004/3/24 

*1 Efl^iEl7> ^C>^- .f}-SlSHo> #4. 0 ] tt H A# *|#*M tW+iZ] 

202fe "II #^144 5-€-^^-ir- 201 S. £91-?- o|^-A]-7p- efl *1^E| 0 1 4. #4 # A# ^ 

ol-g- 5jo]cK nVot oflSBlol T5V £$13. Sl^vflTfl £4. £ 73 CSA2 150 

ofl o}*l tJ|# ^a1^_o S *]#*M «a A l efl*l^*(3-8: nflS.Bl) C4 S(£^ls^] 

#■804 025. &7j4£4. 

<i3(> b) zj-z^ eflxl^Ei-i- 202,204*11 3.B cflojE^-i-ol oje^o}^ tcfl , 7 ]s. iHHHfe a efl 

x]^E| 202^1 LSB ¥ «1H» 7l«Vo._?_ Jfi 7^ 7]^ ^3Jtr4. A cM 7^ 33] 1104 MUX 
212rr B efl*1^4 204^1 °vJ^*>i, A 31*1^4 202^1 LSB ^ alJ=<Hl 44*1 0,B,2B.3B Sl" 

# 44* *ie!j*H CSA1 220^1 37H21 <g ^ # S>4^| ^.£-3*1 *11^4. 

<i:i7> c) CSA1 220-Sr '" 3 U 1H 2?J -r(binary unsigned number) 37)11- ^.S. «£4*1 ^ ^-4 
* ^*H V 4. CSA1 220-gr " + 3 7 flo) ^7pj7l-i- 221-2253. tM3€4. 

<i:i8> d) £ -M 230-8- #71 CSA1 220^1 #3 C '- 0 ' S, -°4, fe4§ "S^ 7 ! 2605-S.^-El 

*5lfe Carry-in *J3l# °J34^, £4#7l 2342}- aflEV* fcE]^7l 236<^1 4*11 44 5 " S ° 

<^9> e) ^ ^ 230 o^ ^ sis. 238-g: #71 d) £3HM Tfl^M 5 n 5 of oje^jL, Aj- 7l < 

a 10>°11 71^^ 44 *is-l£°ti al«JM 2«1H q l^tr4. # 7 l <a 10> 

oil 71711*1 ^1 el g^fe. SJS.^ ^13°J i A l^^ 5U4fe 

4, #*ll £o> ^.a o voi xl^if 4?J 44# °14# £3*Hr Si-?-* ^ 
tJ-5]i?-«ll ^ -8-4 *M1 t 7 i°14. 



1020030016100 ► « 2004/3/24 

<"«» f) CSA2 250-fr A <M c) #3HH CSA1 120^1 M<?.! ^ e_l sq- *}• SJt*. A oM e) 't^HlH 
^ qgjt^sl LSB ¥ Hli=°fl 2]«ll £3€ 0.N.2N.3N St * # St-fr td^wl-al M ' 3 "lH^l °1 'H 
- # oigjo S *|H «.3 H )e Jfs&fe o^V-l; -1-^*>cK AV 7l CSA2 2 50-£- A <M CSA1 220*1- 

" ' 3 7fl^l ?l 7 W 7 lt 251-256^-S ^€4. °H1 A o V7 l #7R]: 7 1* 251-256-8: s|8j- 
S^l ^7>aV7|o1 LSB^l ^7>Al-7l 251^1 7fle] ##2l Carry.in 4I3l7> °g^*Hl -frS-l 

<l4l> g) fcs]^(AND) ^<L>7l 260-S- CSA2 250^1 #^ St*# ' <?2 - 1 ' <3 

*V«M Carry-in *^tr4. 
<»*>h) A oM CSA2 250^1 MSB.?-^-Ei^l <" 7fl2] ^- St#*r % v <"+ 2) ^1 -7fls} Sir*°l 

CSA1 220^1 «a3£.S sl£L»"^cK o]afl CSA 1 ^ ^l #$1 ^ o|e<4 -7fliM^-fil -y-fl *r «1H 

4, ^7} CSA2 2502-1 7Va> 7 | 2565.3.^3 #3s1fe th St ^•"'^ CSA1 220^1 3^*1 7> 

^•71 2230.S. x-ll-g-ElJi, 2^ * a).^ 2 a1^ 7 >>4-7l# 224,225*11^ "0"2l ^ St°l ^€4. 
^"71 CSA2 250^1 7>a> 71 256^-S^Ei #3*1^ 7 fl^ St c ^»fe CSA1 220^1 tffl 2 g*ll 7H* 
71 2243. ^l^SlJl,' 7>^7l 225*11^ "0"2l 7flEl St°l 

<143> j) ( /w .-2) |S] ^o_H] a o V 7 ) b ), h ) cl-Tfll-ol Ol^ofl^ ^.^o] ^^Cf. 

^. CPACCarry Propagation Adder )(5La]*M. tf^Ofe A <M CSA2 150*1 #3<>J 7flS] St^f St 
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<m> o\]m. j^o], a, B, W>\ AA c H!-2l <S. \\>A ~<k°\ \2^\3.°A "II ^*H1 Montgomery 

sl^} ^ ~'£-At= <£. 12> %l <& i:*>°ll Lj-Hi-tji Hj-ssj. ti-ck °HI *1-5^°J 

^-Cf hinal Result. 01 1 1.1 100.01 I l(0.v7O) i()() 10. 1 0OO.O00O(O.v280) i I 10 1 0.0 MM). 1000(0x148) 

<llf>> N-OOO.IOIO.OIOI.IOOI (OxA59) B=000.0 10 1.1 100.001 1 (Ox5C3) 

2N-00! OtOO. 101 1 .0010 (Oxl3B2) 2B=000.101 1 . 1000.01 10 (0xB86) 

3N-0OI.I 1 11.0000.1011 (OxlFOB) '' 3B-001.0001.0100.IOOI (0x1149) 
[^eVAi 5 ] A=000. 100 1.001 1.1 110 (0x93 E) 
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<148> X\%4, u f2f t^o] *j-*jofl o]*V <&X± o]%-t}e] S-l'£> ^ <g # 

<W9> 1) n]e| P=2 2( " +4 Vod /v ^ ^l^V^cK 

<l50> 2) t^l °1-§"*M C=/l.S.2- ( " +4) mod/V £ TflAVfccK 

<l5l> 3) /» • C • 2 " ( "~" ) mod N-A- B mod .V .g. ^A}*j-Cf. 
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<ir,2> zl cf-g-ofl. 3£*r wV<4 ^ £ t^^l #*H1 sl^J- <£t- v "€*r °l-§-5'l- 0: l RSA -?-*£' 

o)| ^jGL^t S-^ef ///* mod A/-g- ^AVSl-fe- ^*># ^^Sf7]j?_ cvVcf. 

<ir,:i> i) x]-^ el- efl*l^&|(^r-&- ^S.B] Hi ^ 

<i&i> 2) ell^l^Ei m\ modulus N-§r *1 ^-cf. 

<155> 3) ojA] C«f SI- 0^-S. a^s^cf. 

<15li> 4) Montgomery S-^r §3 «'=./K«.'VV>~'»»- ^ R ''™ d ' v i 4**8 $4. n J P 

<i57> 5) m'# efl^l^^ B<>1| sL^W. 

<15K> 6) Eflxl^E^ B<^1 °l-S-«fl A i ^r s 3W. o] tcfl Montgomery 3.^} 

-^-r eflx)^E^| Qo\}*\ sL*3z>}v\ , radix-4 Recocting °l-§-*lM ^ 

<ir>9> 7 ) x]^ el- Si^r-OS 4=1 =B 

<i60> 8) eSl MSB(Most Significant Bit) 1-g- 4-§- y lH^-Ei 9) - 10) ^l* -r 

<l(»l> 9 ) x]^ e s] ofl a] e 7]- o 1 «H1 A o V ^r^°l #3) 4) -5)1- ^r<8«H = *c 

*Jtr4. 0 ]°J] ^ <3*HI ^JS.tr ^rfe 31*1^3 A, sj^fe efl*l^Ei B^l *i#^Er. 
<„; 2 > io) 7\^r e 2-l nlE 7 } iol ^.fo)!^ t>7j i g) o. - e j*V cf^fl 4) -5)» 2-l" s > 
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<l<;:> n) x|- e Sl S£- ulEoj] c_V^il «) - 10)1- «cHI 4)1- ol-g-S)H i 



<ioi> a o v 7) c+^l D- n)-g- * Ellxl^Ei C2f S^l NbH- SH cflsll CPA(Carry Propagation 

Adder )# &°] & m *™<** N o] £)c r . 



<u>r» C-4. sal- 



<1(5<5> *J#t!: 42f .a. yJ-^-g- ,i-/5-2 ( " +,, m odA/ o. ^aj.^ 7]^tr 3 

W 0 J7^3L2)-£l ^ofl A]-g.^ ^ o|cK JEE^r, -g- H-^^r ^-§r ^r<8*Hr 

o ]8fl A-| oVJr nl ^ 7\ 7] # l))^ ^ olcf. £E*h ^-g. *} X r 

^ 717]!- wf^S. «1H, NIST-DSS, RSA, ElGamal, Schnorr ^ ^l-^l ^7fl-7] 

<107> p. ulr$o) ofl 

<1(W> £. 130. Hj-^ojlA-j <y-^ 15 o|-g-<5||A-| OJ-iSj. xj*}- A-^-g- ^ -"p oi£- ic 



fir>-42 
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<i(«)> AV 7 j £ laofl-H, ^^^el^^KCPU: Central Processing Unit) 310-8: °J-^ ^ ?i4 

'f^Ml SJ-fe ^^ll" &-ll-5;-srl-Ji, <2*i *1M (modular arithmetic coprocessor) 

330<H1 ^lH^^ef cflolE^ ^1^4. #(R0M: Read Only Memory) 350°-l ufl"-^ ovjr 

5r ^ #*1" f-°ll l-°-t!r -7)(key)^ ^-o) JiJr *}-o}.o|: ^ t]]o]&\M. ii^i^- 

( security module) 0 ] ^r^fltlr^h 

<i7(» M. uj^oj A o vxfl*v -M^ollAi^ ^a] ofloj] ^j-si] A^^o^q/ l^o] 

*$HH ^<Hufx] o>- u)] o]] A-J 7fxl £^oj «-&<>l I=h ^^£S £ 

3] AjAl oflofl ^-*V5lo] ^sll^A-j-^ oj-qsH ^^sf-b ^-S^nM M£ D 1 °r 

qef o] 5js.oi] ojafl ^^o} ^cf. 

[Hr^l M-] 

<l?1> Hl-fif £°1 £ ^-8: £ 1k Vl 3-8r ^•«-2 ( " +,) mod/V £ jfl X^i*. 7 ]-£ 3} 

3* £ 71 iSfol TflAj^ ^ • « mcxi /V fe c]*]^ A| .g. ^ 3**M 

^i^> °J^. <y7^J:5f2l x>^o,| Af-g^ ^ oitq-. £E*v, -g. ^-8- s.f-e> § 

^-8: ^i^V 71711- t.H 0 vo.5L *JM, NIST-DSS, RSA, ElGamal, Schnorr *jA r >M ^ - 

^"71171 oJ-^l^Efl^ ^--AISF-^CH ol-g-rg! - ol c j. 



fifi-4:: 
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<i<;«)> Aj- 7 | c i.-^a^ f'Oj-^el^xKCPU: Central Processing Uni t ) 310-°r #51. °J-^ ^ ?i* r *1^ 
7j-^s]-7j| s)-^ ^^ol-fr Sfl-Sj-SJ-Ji, 51-g-e r ^ tt *fl A H modular arithmetic coprocessor) 
330^1 iJS-tl- ^H^saj- cflojEil- afl^^cf. -g-(R0M: Read Only Memory) 350°-l uU-J^o])^ ovj- 
3* ^ ^ f-*0 l-2.tr -7l(key)2f ^-oi jiJr^-o>ol: cflojEl-t $1 *V J±«?hE.§ 

(security module) 0 ] ^^fltl:^. 
<170> £ Aj-x^^i- -g^M^ ^I3°J *M oil oil #*fl -a^Sfa^-M-'. Hr^l 

3HM-*1 MHH °iei 7 r *l ^^o] 7 r ^-gr «-€r°l4. =lz]b.sL 

qe> o| if-sl^s] ^^af SJl-ofl s]«fl M3 0 > t!r4. 



44 ^o) a. ^.g. a. « a v^^ W-ff .2- ( " +,) m«d/V o. ^xy^ ^^m. % 

*i*o, °J#, <y-/4SSl-Sl *H=*||o1 A)~g-f| ^ olcf. c E ^ f £ aj-^o. 2 .^e]. § 

^-ir 4^*rfe ^d7> 7] 7H1 o)^ Ojjr f>\±r 7} 7l# ^1^^ 4 s S^, 

£ ^^-8- 7l7l# w>evo..?_ NIST-DSS, RSA, ElGamal, Schnorr tf^ §■ 
71^2-1 ^7fl7] ol.^\ Al ^ E fl^ -7^-o-J-^r^l ^l-g-l ^ 



f i.~>-4: ; 
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[%^*J- 1] 

/I • » • /?•' mod /V (o^H, /?-4'" +2 ) o. TflAVg^l *M *^ ^ Tr^l S^V ^ 
T^*Kr #*1 oq &oH. 

^■(Booth recording)^ A cM ^-i 7}^ #7] ^Sj-sM ( '"-4 ) a 1 i= ^1 

C" "-4)71)0] ^K^l^-g- ^-UlsrJl, (.'"-2)HlH^l *fl 1 *\2.Q, i»^)^]S.&] *fi2 

^ g*| uju- #71 £7K47l!-^ Aj-o] 37fl o] ^7j-A]-7ll-.9L 9j ^ S ] J7 , # 7 ] *tf2 

(."-^tti^ HlBfe ^j-7] ^^r^^l-i;^ 27fl ^] 37K!-7l-i-_g. «y el 51 j7, # 7 ] 

O" 4) 7 fl o] ?l7f#7l-i-oll S)«q C«-» 4)a]eol 7 fl 5) gj-S.^ ^ gj-S-.g, afll -7ll^X-l#^ 

7f^7l(CSA)2l-, 

#'1 zfll CSA5.-^°1 AJ-71 C« H4) U l H o] 7fl5 ] ig AjEjj^ 5^ 2^0! 

7f^7l#^E^| #^£l^ ^ l7Hfil ?i7l-AV7l_?_-^Ei #^ S) ^ Tfl ^ °J ^ Jl , 

H.^e> ?v ± o| afl-^ 13*}- 7] 3<tV 3U1HS.1 13 &-g- t^§rc £ 

A cM Stofl rcfe> njs] ^sil^l jz.f-5. -^fil l!tr^ ^ufo] o-j. - # *J*|SH # 



65-44 
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(.//.4) 7 l|o| -^^lt-g- ^wlsl-Jl, #7] ^CH715L^-Ei^l *j tOj ^ (.'"4) H )E£3l ~r 
% <dS5LA-l «a^«j-oi. #?| X||l CSAS^fi| #/] (-'4)H| M o| . 7fle] g^- 2-|AVo| 711^1 

m^lfil («'3iH|ES] - 7 flEl *fl2 ^J2SH #?] ("^.)HlE0.1 

# Stt-^ *1*HH 7flel #■§- *fls>l*v M-^H^l c»-«-3)h] eo| ^ ^i-t- xii3 ^sKa, 

#7] ^11 (»-M.)H|E f A a o V 7 ) ^7]-^7l-i-S] j^HH ?i 71-^- 71-i-sL-^-Ei <8 S| S] JH , 

#7] *fl2 ("+3.)HlE-i-^- AJ-71 ^7fAV7)-i-# ^ ^7j-#7}l;^-^Ei OJ % 5) 

Jl, #7] *U3 <0SLfil C«) H |E S o. a o V 7 ] X171-AV7H-01 2 #*Vl ^7^71-i-S^-E-l °] 

ns)51, #7] C» + 4)7l|Sl ?i7]-A] : 7l#o ] | o^ fl («U )tJ ]EO| 7 fl ^ ^ &#-gr #S|3Hr 

*!]2 7fleH#^ 7V#7l(CSA)4, 

#71 7fl2 CSA^l ^MH ^7>#7lS.^-El 7flel #3} *W 2#*$ # ^KM 

l^lrr ^ ^7>#sH 7HE1 ojBd a o ]. 7] a _ ? ,xio._ ? _ afl^sHr ^7>#7lsf, 

#7l-^|2 CSAS.-9-E1S1 .7flSl ^ 7>#*H #^3Tl-^ -711 El 71-AV71 

(CPA)# i^-g- ^-^3.2.5. #71 ^ #*1. 
2] 

5a oh, 

#71 ^21 HlBl-# 3HH*]*J #71 olB'M^- *<3#*Rr 

Ell^iE^, 

#71 3l^»' i 7-l#5l.7l EflxliE^ C| j£*}-#^ #3 .9-SL ^Ffe #?l 3^ # *1 . 
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A oM ^-^sj Hi Hi sl Sl-fl 2«l=tM ccfeV #71 ^^ 7 \o] ^^o_s. 19] ji 

fe A cM §^3 #*1. 
[^T 1 * 4] 

*fll*<H sa<H-H, ^7) § 

A oM -7flsl ■835*4 o V7 1 ^l 1 CSAS1 ^KlM^.^ ^ ^'KM 

fe 34^14. 

^-71 7fll CSA^l ^7>AV7lS-^-Ei #=]slfe 7flsl 2*4 2«1^ ^7]-Al : 7lS.-^Ei 

si ^ wHbH fcelWfe hHbI-^ feel ^7} 4, 

A oM ^7l-<47l4 AV 7 ] HflEf^ feEl^-71'Sl #^1"4 D l ^1 °J^ y lB» 2l^\<^ a o V 

7l 3H1HS) 1^ i^-SlSl- ^-3-0-5. A o V 7l §"*3 



f)f>-46 
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-t^ ^4: 2004/3/24 



#7] ^ 
6] 

€ J£3-§- -711 SJt°l afl^-S: #7] ^ 

[^^* 7] 

■I: ^ §^ 

*fl4*°ll 5fl°H, A cM § S.^|S1 ^-71 ^7>AV7lSl #^-gr #7| ^2 CSA^] 3 

715. afl^-g- ^-^^.S SHr #7] ^ 
[37* 9] 

nU]H^l ^^(A)2f 2l.^-"r(B)l- ° t !^s)-jL ""2 §e) ( <*| 7 ] *i , »' - ^HM 
A -B>/r l mod N (o^H. «-4"- 2 ).g. Tfl-y-SM # *H S-jLoflE] -fr^l S-^l- ^tM- -f 

*3*Hr *<J-*H1 $a<>H, 



fif>-47 
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^■(Booth recording II it 7] ^ 3 4 4 A^~r% 4^S|-*H <" ' 3>ti] HSl o] 

Aj-7] 71-S- _ ? _3J O.S^.E]Sj (." '4)HlEO| a o V 7 ] o]^ *H.'J -fcliS ^^fll, ^fl 1 

SIS] tfifl ("-D*]*)) HlB^ #7] ^ 7r ^7]^# tffl 3#*|S] ^7>A>7lS ^SU, *fl2 

Aj-o| C"-2.)£*|| H]H^ ^7| ^7^V7]-i-# #0] 2«i*l|S| ^7>AV7lS °U ^ 5] JL , #7] 
^7VAV7]#^ &7}*±7]3, "0"Eflt^ a o > 7 | ^ U a]Jt *1 Aj. 7 ) x-,12 <0S7> ^ ^ S] II , #7j 

^7 r A>7l-i-^ #5} 2 «i^|Sl ?i7>AV7lS. "O-eflt^l ^71 Xfll A|^ 7 |- «g^5]jL, AV 7 j («.-3.) 7 ]|oj 
S^RMM o]«fl («^)ti|_E 2 | 7fl e) #^Kr *fll -7ljEj 7>A>7l(CSA) 

^71 afll CSA^^S) AV 7 | («f3) M |Eo) . 7 ))^ ^ gj--.^ AjEHs} s).^ 27H^1 # 

7>^7l#.?.^-El ^ Sjr#4 Sj-ifl I7fl &7}&7]3,*W t^lfe 7fl 3 °J 3 *|- Jl , 

S-f-e]- Hfl ^ # ^^^7l 20] HS] 33 i^*Rr -£ 

#7j ^o]| nfe r Die^ ^sfl^l ^s>| 3^ sj-Lj-o] £fs ^# 4d«j«H # 

A i Ejj7l2f, 

(»+3) 7 j|Sj ^7 r Aj-7ll-i- ^al^j-Jl, AV 7 ) AjEH 7 lS^-Elo] Aj Efl S} (" >-3)ti| E o] ^ 
1- *fll AliS^ «a^«ral. A o V 7l ^11 CSAirL-fElSl #7] (».3) H |E<i) ^ £] 3| $j 7 fl E] 



()f)-48 
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$7] *fll &3L4\ C"- 3 )HlH#-a: ^7}^7\^9] 2^ -^7} A Jl7)%^B] °J & 5) 51 . 

#7] X|12 (// '2)HlB-S-8: #7] #7KM## f>}$) 2»H1 # # Jg. -fE| 5} 5] 

^12 7flElX^V^ 7j-A]-7l(cSA)sq-, 

#7] all 2 CSA^l ^HM-?-^ 7flEl 2»]*l| sL^fz] 

-fr^l^r ^ &-§: ^33- <2^M 7flEl <^ #71 -£ jiL*]o.ifL *ll^aHr i;-&l§ 

712}, 

#7l ^112 CSAS^Ei^l 7fl 5-1 7>#S>oj 711^^4^ 7>>L>7l 

(CPA)l- 5L^"^-i- ^r^±3. #7l §^ . 

10] 

xll9%Hl 51 °H, 

#7l ulBl-8: 4l£BAl^ #7l 41HB=1 alH'li: ^^Vrr 

efl^liE^, 

#71 5X1^1- X-R^M elMliE^l- Cl °- 5. #7] §^ #*1 . 



(5:1-49 
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[%!^ Ill 

*fl9*<HI $a<>H. A <M A cM f]e<go] 6 -i.o] 2 HlB-i:<>l) 4^)- #7] ^ 



12] 

^ OV7fA> 7 | 2 |. > 

A J-7] «V7>'a:7)2|- #7] HflE[5j ^^^71^ -^-H*!- "1^1 il ^ € h ^! °1 S# A o V 

71 2W1EO] ^ ^0.5>_ #Ed^ if^S.* i*}"*)-* ^ilS. S>TT 4 V 7] -g"^ 

13] 

SL eVfe tf?! M 



Hfi-iK) 
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1 3^ 14] 

xlimHI Sl*H. #7] & ^-7] HLV7]-A}.7ie| # aj.fr A cM *H2CSA2l ^7}- 



15] 

A*B-R X mod A/ (o) 7 H, /?-4™ +2 )^. TflAV^l «H ^-jld||s1 -Pr^l SL^\ » A £ ~r 

«*Hr U-SH 5tM A 1, 

A o v 7] H]Hl-ar r^ x ^S r]5.H5H alJL^-g- 4 3 4, 

#7] tilHcgo] fsysft 2tf|i=-i-i- ^-^ 7|s.(Booth recording)^ #7] -^i 7]^. 

(«'-4)7l]ol ^KM-g-g; ^al^ *]]2 7fleJ^^-^ 7>A>7l(CSA)^| C" ' 2 > H ] E 0} *H 1 
<4 (//->-3)Hieo] 7l ] 2 AlSLSf, A <M 7]S. o_S.^9\ ("+4)a]_Eo| a o V 7 | o]x] ^-i-i; 2fl3 

^JLS. ^^1, A oM ^IJLS] #3 C»+2)^,J| UlH* #7] #7KV7l-i;^ tffl 37flS] # 

7^7]-i-o11 <a^*V^. A <M *fl2 ^1^^ ^ 0'+3)»l*j| a)Ef a o V 7 ] ^Rl^g-^ ^ 27fl<^ 

^7]-^V7l^-ofl «a^a|.Jl > Aj-7l 7^7l(CSA)^l A <M C'^^ljol 7^71 *ofl 

o]*|} C"+4)Hl B ol 7 fl5 l t t^Kr 434. 

^7) Till CSAS-^-e^l av 7 ] (».4)uieoi 7flE] th SHi-f^ 27fls>l ^7}- 

^711-5-^-Ei #^5)^ #*4 I7fl o] xj7}-^7lS.aEi #3*1^ 7IM ^-§T 0 J^^J1, 

S.#4 Hfl^# l^sj-7] <fl# 301 B ^ 7j*j gj-o. *^ S |.i=, 4^4, 
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^eji^ o '-4)aiEo| 3.^.3. ^f- ^^sfjL, #7] xlU CSAsL^&loj. a o v 7 | (».-4) 
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